Introduction
Mine ventilation system, usually called as the "heart" and "artery" of the mine, serves as the most important, basic and economical technical means to ensure the safety of coalmine production [1, 2] . Accurate measurement of wind speed in tunnels plays a very important role in fault diagnosis of mine ventilation system, air flow control and optimization and reconstruction of ventilation system [3, 4] . them through the univariate linear regression analysis [8] . They pointed out the relationship among factors, including the velocity in the tunnel section and the roughness of the tunnel, the spatial position and the average velocity [9] . The changes of turbulent boundary layers on smooth and rough surface were studied in [10] . Gas transfer problems were solved by mathematical models [11, 12] . The airflow velocity distribution in the cross-section of underground tunnel through on-site measurement and laboratory experiments was explored, and the relationship between the roughness of the tunnel wall surface and the wind velocity distribution was revealed in [13] . The distribution law of wind speed at the section of semi-circular arch tunnel was studied by Wei et al. based on fluent simulation and field measurement [14] . The gas control method of the long-wall working surface and the reasonable gas flow distribution was studied in tunnels using Computational Fluid Dynamics (CFD) software [15] .
The point wind speed sensor can only monitor the wind speed of a point on the cross-section of the tunnel. The monitoring result can't accurately reflect the average wind speed in the tunnel [16] [17] [18] , leading to large errors. It is harmful for ventilation management of the mine. In this work, we studied the relationship between the line wind speed and the average wind speed in a rectangular tunnel section. An average wind speed model was established based on the monitoring data of the line wind speed sensor.
Semi-empirical formulas of gas flow velocity
Based on Nikuradse's experimental data and using semi-empirical formula [10] , the velocity at a point in the turbulent core region can be obtained:
. . ε y ln U u (1) where U is the Turbulent Characteristic velocity, u is the point wind speed, y is the distance from the wall surface within the radius, and ε is the absolute roughness.
The average wind speed of roadway can be expressed as
where 0 r is the pipe radius, and m V is the average wind speed of road way.
The maximum flow rate max V can be expressed as
Based on (1) and (2), the ratio of the average wind speed of circular tube to the point wind speed in a circular tube is expressed as [13] 
Analysis of wind speed distribution models

Point wind speed model
The distribution of wind speed is affected by the intersection of tunnels. In this work, field measurement of wind speed in a rectangular tunnel of Tashan mine was carried out. The following conditions are generally required for wind survey sites in the tunnels, including the stable wind speed, appropriate size, regular wall surface, without accumulation of obstacles and far away from the joints. The location of the measuring points in the 1/4 of the tunnel cross-section was shown in Fig. 1 . The tunnel width W is 4.94m, the height H is 3.43m, and the average wind speed m V is 1.94m/s The wind speed values of the measuring points were shown in Table 1 . The equivalent diameter of the interior point of the rectangular tunnel is taken to calculate the radial distance y between the measured point in the rectangular tunnel and the pipe wall. Base on the particularity of the cross-sectional shape of the rectangular tunnel and the value-taking method of the measured point value y in the velocity distribution of turbulent rough circular tubes,formula (4) is deformed into: 
The wind speeds of the measured points are respectively calculated. The results and their fitting function were shown in Fig. 2 . The fitting formula is as follows: 
Error analysis of point wind speed model
The following was a comparison between the field measured data and the wind speed data calculated by formula (5) . It showed that formula (5) could be better applied in the wind speed distribution of rectangular tunnel in coal mine. The relative error between the measured and calculated (using Formula 5) wind speed was listed in Table 2 . It could be seen that the relative error of most measuring points was below 5%, and that of certain measuring points was relatively large, with the maximum value of 8.36%, beyond the allowable range of engineering error. Formula (5) showed a relatively large error when used in rectangular tunnel of mine directly.
Analysis of line wind speed distribution model
The large fluctuation value of single-point wind speed makes it impossible to reflect accurately the average wind speed of the tunnel. However, the line wind speed consists of numerous continuous points, and its fluctuation range is generally small, thereby allowing it well reflect the average wind speed in the tunnel. The relationship between the line wind speed and the average wind speed of the cross-section can be written as follows: (8) The following was also a comparison between the measured and calculated data by formula (8) . The layout chart of measuring line for wind speed was shown in Fig. 3 . The relative error between the measured and calculated (using Formula 8) wind speed was listed in Table 3 . It could be seen the relative error between the measured wind speed at the measuring point and that was calculated by formula (8) . What can be found is that the relative error was less than 5%, with the maximum value of 2.54%, within the allowable range of engineering error. Formula (8) showed smaller error when used in rectangular tunnel in mine directly.
To ensure the generality of the formula, a large number of measured data of actual tunnels in Tashan Mine and Yuncheng Vocational College were selected and compared with the calculated data of formula (8) . It could be seen that the relative error was below 5%. Therefore, it could be considered that formula (8) could be better applied in rectangular tunnels. The relative error data are shown in Table 4 . Table 4 Relative error of line wind speed in different tunnels
,% It indicated that the linear wind speed model was obviously higher in terms of accuracy and reliability through the comparisons of the two models. The value closer to the actual one could be obtained through the method of calculating the average wind speed of the tunnel by monitoring the average wind speed of a straight line in the section of the tunnel.
Value analysis of absolute roughness
The absolute roughness of coal mine tunnels is generally between 0.001 and 0.009. Formula (8) and the measured data in table 1 were used to calculate the relative error when the absolute roughness is 0.001~0.009. The relative error was shown in Table 5 . Table 6 showed that for mine tunnels, the absolute roughness ε exerted little influence on the distribution of wind speed, and the error was minimum when ε between 0.005 and 0.006 are taken. The absolute roughness ε could be taken as 0.0055 for convenience.
Conclusion
In this work, a line wind speed distribution model of rectangular tunnel cross-section was proposed based on the method of the time difference. This model was derived from previous semi-empirical formula of gas flow in the circular pipe. It was then extended into the rectangular roadway. The extended model was verified by experimental data in the rectangular tunnel of the Tashan mine. The results could be well applied to check the rapid determination of the ventilation parameters in other coal mines.
